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Abstract 
The Great Lakes lie within a region of East Africa with very high human genetic 
diversity, home of many ethno-linguistic groups usually assumed to be the product of a small 
number of major dispersals. However, our knowledge of these dispersals relies primarily on 
the inferences of historical linguistics and oral traditions, with attempts to match up the 
archaeological evidence where possible. This is an obvious area to which archaeogenetics 
can contribute, yet Uganda, at the heart of these developments, has not been studied for 
mitochondrial DNA (mtDNA) variation. Here, we compare mtDNA lineages at this putative 
genetic crossroads across 409 representatives of the major language groups: Bantu speakers 
and Eastern and Western Nilotic speakers. We show that Uganda harbours one of the 
highest mtDNA diversities within and between linguistic groups, with the various groups 
significantly differentiated from each other. Despite an inferred linguistic origin in South 
Sudan, the data from the two Nilotic-speaking groups point to a much more complex history, 
involving not only possible dispersals from Sudan and the Horn but also large-scale 
assimilation of autochthonous lineages within East Africa and even Uganda itself. The 
Eastern Nilotic group also carries signals characteristic of West-Central Africa, primarily due 
to Bantu influence, whereas a much stronger signal in the Western Nilotic group suggests 
direct West-Central African ancestry. Bantu speakers share lineages with both Nilotic groups, 
and also harbour East African lineages not found in Western Nilotic speakers, likely due to 
assimilating indigenous populations since arriving in the region ~3000 years ago. 
 
Keywords: Nilotic languages, Bantu dispersals, East Africa, mitochondrial DNA, 
phylogeography 
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Introduction 
Eastern Africa has a central place in the evolution of anatomically modern humans 
for at least two reasons. Firstly, it is considered by many to be the region from which 
modern humans spread from Africa into the rest of the world, approximately 60,000 years 
ago (60 ka) (e.g. Atkinson et al. 2008; Gonder et al. 2007; Macaulay et al. 2005; Tishkoff et al. 
1996; Watson et al. 1997), although some paleoanthropologists and archaeologists favour 
North Africa [see discussion in Balter (2011)]. Secondly, it has been argued by some to be the 
place of origin of modern Homo sapiens. Whilst the main line of evidence is that the earliest 
transitional/modern fossil skeletal remains have been found in Ethiopia (McDougall et al. 
2005; White et al. 2003), Eastern Africa also harbours deep branches in the mtDNA and Y-
chromosome phylogenies, and genetic diversity estimated here is often higher than 
anywhere else in the world (Gonder et al. 2007; Hassan et al. 2008; Pagani et al. 2012; Poloni 
et al. 2009; Salas et al. 2002) – although Central Africa has become an increasingly plausible 
candidate (Cruciani et al. 2011; Rito et al. 2013). On the other hand, Tishkoff et al. (2009) 
suggested, on the basis of genome-wide autosomal studies, that Southwest Africa, rather 
than Eastern Africa, might be the most likely place for the geographical origin of modern 
humans within the continent. A similar conclusion was reached by Henn et al. (2011), who 
compared FST distances and linkage disequilibrium (LD) patterns in hunter-gatherer 
populations from both Eastern and Southern Africa with other African populations, finding 
the lowest LD values and highest FST values amongst the Southern African groups. 
An alternative explanation for the high genetic diversity in Eastern Africa might (at 
least in part) be admixture between a number of genetically divergent human populations 
(Hassan et al. 2008; Poloni et al. 2009). For example, not only has Ethiopia experienced both 
ancient and recent gene flow from Eurasia (Kivisild et al. 2004; Olivieri et al. 2006; Pagani et 
al. 2012; Richards et al. 2003), but Eastern Africa in general exhibits high environmental, 
economic, social, cultural and linguistic diversity, as illustrated, for instance, by a number of 
surviving foraging populations in Tanzania (Campbell and Tishkoff 2010). The Great Lakes 
region in particular has, on the evidence of historical linguistics and archaeology, been the 
meeting point of diverse African groups for millennia (Maxon 2009; Newman 1995; 
Phillipson 2005; Poloni et al. 2009; Tishkoff et al. 2009). 
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In East Africa, present-day Uganda was part of the territory located on the fringe of 
the ͚BaŶtu eǆpaŶsioŶ͛ that ďrought presuŵed BaŶtu-speaking groups carrying the 
Chifumbaze material culture complex (including iron-working) from ~3 ka, occupying much 
of the most productive lakeside and riverine agricultural land (Phillipson 2005). However, 
Uganda has also been crossed and occupied by dispersals of Nilotic speakers (Maxon 1994; 
Newman 1995; Pazzaglia 1982). It is assumed that, from at least ~3 ka, Bantu- and Nilotic-
speaking groups began assimilating the indigenous populations previously inhabiting East 
Africa, most likely including speakers of Afroasiatic Southern Cushitic, Nilo-Saharan Central 
Sudanic and possibly also Khoisan languages. 
The Nilotic languages belong to the Southern branch of the Eastern Sudanic family of 
Nilo-Saharan languages, although there is considerable disagreement about the branching 
within Nilo-Saharan (Bender 2000; Ehret 1998, 2001). The ancestry of Nilotic-speaking 
populations in the Great Lakes region has been reconstructed by attempting to triangulate 
and combine evidence from oral history, historical linguistics and archaeology (e.g. Newman 
1995), but tying in the latter is difficult (Ambrose 1982; Ehret 1998; Phillipson 2005), 
ethnicities have usually been highly porous (Kusimba and Kusimba 2005) and the role of 
language shift may have been considerable (Ehret 1998).  
They lie at the southernmost extreme of the geographic range of the Nilo-Saharan 
phylum and it has been proposed (on linguistic grounds) that they had arisen by the 
beginning of the first millennium BC, somewhere in the vicinity of the Nile swamps of the 
Bahr-el Ghazal in Southern Sudan, subsequently expanding into East African territory already 
populated by stone-age cereal agriculturalists speaking a variety of Sudanic and Cushitic 
languages, and later on also iron-using Bantu speakers (David 1982; Ehret 1998, 2001).  
Three branches are recognized: Southern, Western, and Eastern Nilotic. It is widely 
thought that the Southern group spread south into East Africa earlier, possibly more than 3 
ka, before the arrival of Bantu speakers. Further wave of dispersals in the late first 
millennium AD, of either Southern or Eastern Nilotic speakers, may have accompanied the 
spread of the Later IroŶ Age ͞rouletted͟ ĐeraŵiĐs that replaĐed the Ureǁe ǁare assoĐiated 
with the Bantu Early Iron Age (Ambrose 1982; David 1982; Oliver 1982). This would have 
spread the agro-pastoral way of life throughout Bantu Africa, leading to the occupation of 
more arid territories on a much larger scale, although this is less widely accepted (Phillipson 
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2005). The Teso-Turkana branch of Eastern Nilotic in Kenya is thought to have split off by 
100–500 AD (Ambrose 1982; Newman 1995). However, Eastern Nilotic speakers are thought 
to have settled substantially in Eastern Uganda only since the seventeenth century AD 
(Maxon 2009; Newman 1995). The Western Nilotic expansion (of Lwo speakers) is also 
thought to have taken place over the last five centuries (Newman 1995). These dispersals 
established an intricate and complex mosaic of relationships between the different ethnic 
groups.  
Most previous genetic studies of sub-Saharan Africa have mainly focused either on 
speakers of click-languages and other hunter-gatherer populations (Batini et al. 2007; Behar 
et al. 2008; Gonder et al. 2007), or on the Bantu dispersals (e.g. Batai et al. 2013; Beleza et 
al. 2005; Castri et al. 2009; Coia et al. 2005; Gonder et al. 2007; Plaza et al. 2004; Quintana-
Murci et al. 2008; Richards et al. 2004; Salas et al. 2002; Scozzari et al. 1994). Several also 
studied populations speaking Nilo-Saharan languages (Krings et al. 1999; Poloni et al. 2009; 
Tishkoff et al. 2007; Tishkoff et al. 2009; Watson et al. 1996; Wood et al. 2005) and 
Afroasiatic languages (Boattini et al. 2013), and a substantial genome-wide dataset from 
Ethiopia points to significant differentiation amongst speakers of the different language 
phyla (Pagani et al. 2012). Studies of mtDNA in Bantu and Nilotic-speaking groups in Kenya 
have shown that they have much in common, but that they can nevertheless be 
differentiated phylogeographically by language phylum (Castri et al. 2008), and that even 
distinct Bantu speaking groups can differ significantly genetically, possibly depending on the 
extent of assimilation of local lineages (Batai et al. 2013). Genome-wide studies suggest 
extensive contact and gene flow between Nilo-Saharan and Cushitic speakers, with an 
ancestral cluster attributed to Nilo-Saharan speaking groups most common in 
Central/Southern Sudan and decreasing in frequency in Nilo-Saharan speakers moving south, 
consistent with a model of dispersal with increasing assimilation. There is a substantial level 
of a possible ͞CushitiĐ͟ suďstrate iŶ Nilo-Saharan-speaking populations of Kenya and 
Tanzania, also present to a lesser extent in Bantu speakers. Although there is evidence for a 
significant West-Central African component in Bantu speakers (Batai et al. 2013), there is 
also evidence for exchange/assimilation between Bantu and Nilotic speakers in both regions 
(Tishkoff et al. 2007). 
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The present study is the first to focus specifically on Ugandan populations comparing 
mtDNA lineages across the major linguistic communities. Each has been suggested, to have 
originated outside this region (Ehret 1998, 2001; Phillipson 2005), but the relative extent of 
dispersal versus acculturation in each, and the level of interaction between them, has yet to 
be assessed. Here, within the context of more 8000 comparative sequences from across 
Africa, we begin such an assessment by characterizing their maternal lineages, as a crucial 
first step in reconstructing in detail the history of the populations of the region.  
 
Materials and Methods (Summary) 
We refer to Kenya, Tanzania and Uganda as East Africa, and to the broader region 
including East Africa, the Horn of Africa and South Sudan as Eastern Africa. A total sample of 
409 healthy individuals from Uganda participated in this work, under informed consent. 109 
were from Bantu and 300 from Nilo-Saharan speakers, the latter including 290 Nilotic (243 
Eastern and 47 Western Nilotic) and 10 Central Sudanic speakers (Table S1).  
For 261 Ugandan samples we analysed the entire mtDNA control region (16024–
16569; and 1–576) and for the remaining 148 samples the HVS-I region (16011–16497; 
minimum extent 16085–16430). The classification of the mtDNA sequences into haplogroups 
followed PhyloTree, mtDNA Build 16, 19 Feb 2014 (van Oven and Kayser 2009).  
We compared the population samples from Uganda with published data pooled into 
several African regions (see table included in supplemental file S1). We used the DnaSP 5.10 
program (Librado and Rozas 2009) to estimate diversity indices (except θK) and Arlequin 3.11 
software (Excoffier et al. 2005) to obtain θK values and pairwise FST genetic distances. We 
carried out admixture analyses assuming that the mtDNA variation accumulated in the 
different Ugandan populations comes from one of the six main African regions: North, West-
Central, Eastern, Southern, Southeast and Southwest Africa. 
We also generated whole-mtDNA genome sequences in 15 samples belonging to the 
new haplogroup L3i1 (Table S3). These sequences were combined with previously published 
ones into a total data set of 27 L3i whole-mtDNAs. The new sequences are deposited in 
GenBank: KP229441–KP229455. Within L3i, we estimated ages of clades using a time-
dependent clock, incorporating a correction for purifying selection (Soares et al. 2009) using 
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ďoth the ρ statistiĐ (Forster et al. 1996) and maximum likelihood (ML) with PAML 3.13 (Yang 
1997) (Table S4). 
To investigate the overall genomic ancestry in two samples belonging to haplogroups 
originating outside Africa (HV1b1 and T1a), we used 46 autosomal ancestry informative 
markers (AIMs), previously described as efficiently inferring proportions of African, 
European, East Asian and Native American ancestries (Pereira et al. 2012).  
We performed principal component analysis (PCA) of the indigenous (LxMN) mtDNA 
haplogroup frequencies using XLSTAT for the Ugandan samples distinguished by language 
(Eastern Nilotic ENU, Western Nilotic WNU and Bantu speakers BUG), in the context of 
population data from across Africa.  
We examined in detail only the first three components (PC1, PC2, and PC3) from the 
analysis and we visualized the output using XLSTAT. PC3 did not add to the interpretation 
and is not discussed. We checked FST values between populations and also confirmed that 
the results were broadly similar to those obtained using multidimensional scaling [see Silva 
et al. (2015), Fig. 3]. We included only the following haplogroups: L0a, L0b, L0d, L0f, L0k, L1b, 
L1c, L2a, L2b, L2c, L2d, L2e, L3a, L3b, L3c, L3d, L3e, L3f, L3h, L3i, L3x, L4a, L4b, L5a, L5b and 
L6, excluding unclassified and paraphyletic lineages. We also excluded populations of sample 
size below 40 and also very recently admixed or highly diverged/drifted populations of the 
south and from the rainforest zone. The samples included in PCA are listed in table included 
in supplemental file S1.  
We displayed genetic relationships between HVS-I haplotypes from the present study 
and 9034 from the literature (see supplemental file S1 for data source), within each 
haplogroup, by means of phylogenetic networks generated by post-processing the output of 
the reduced-median algorithm with the median-joining algorithm (Bandelt et al. 1999; 
Bandelt et al. 1995) using Network 4.6.1.1 software (http://www.fluxus-engineering.com), 
resolving them guided by the whole-mtDNA genome phylogeny in PhyloTree Build 16, 19 
Feb 2014 (van Oven and Kayser 2009). Even using this approach, it was difficult to match the 
known phylogeny exactly in every instance of branching, so that not every case of deep 
branching could be correctly represented. We estimated the age of clades of interest using 
the ρ statistic with Network, using a mutation rate for HVS-I of one mutation in 16,667 years 
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(Soares et al. 2009). For the network analyses, we grouped the samples on a regional basis 
as for the PCA, but were able to also include additional populations with lower sample size. 
Full details on samples and methods used are available in supplemental file S1. 
 
Results 
 
Diversity of Ugandan mtDNAs 
Using the 16090–16365 sequence range of the HVS-I region we found a total of 228 
different mtDNA haplotypes in our sample of 409 individuals from Uganda (Table S2). The 
haplogroup distribution is shown in Figure 1. The overall haplotype diversity was high 
(0.977±0.002). The genetic diversity found in Uganda was higher than that observed in East, 
North, West-Central (Bantu and Pygmies) and South, but similar to values obtained for the 
most diverse regions in sub-Saharan Africa.  
When considering the samples from Bantu and the Eastern and Western Nilotic 
speakers separately, we observed no significant difference in the diversity values between 
these linguistic groups (Table S2). Since their arrival in the Great Lakes region, Bantu-
speaking groups have been concentrated in the South, with Western Nilotic speakers 
inhabiting primarily the Northwest part of the West Nile region. Nevertheless, due to 
competition for land in which to practice agriculture, it is thought that the Bantu speakers 
interacted more with Western than with the Eastern Nilotic speakers, who were 
concentrated in the Northeast and many of whom retained a more pastoral economy 
(Maxon 2009; Newman 1995). Political disputes during the seventeenth and eighteenth 
centuries contributed to the complex interaction between these Bantu and Western Nilotic 
communities, increasing the opportunities for intermarriage (Maxon 1994) and consequently 
a higher diversity for these groups might be expected. Nevertheless, we observe the highest 
values of nucleotide diversity and average number of pairwise differences in the sample 
from Eastern Nilotic speakers. The distinct pastoralist lifestyle of the Eastern Nilotic speakers 
– in particular, the Karamojong, included in the present study – led to less contact with other 
ethnic groups in Uganda, although the extent to which the expansions may have assimilated 
other peoples is not known. The Nyangatom from Ethiopia who, like the Karamojong, also 
belong to the Teso-Turkana branch of the Eastern Nilotic languages, showed similarly high 
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diversity, although with slightly lower values than that from the Karamojong (Poloni et al. 
2009).  
 
Principal component analysis of Ugandan mtDNAs 
PC1 (21.7% of the variance) portrays a broadly East–West axis, and PC1 and PC2 
together (34.7% in total) sequester the populations into four distinct quadrants that make 
excellent historical and geographical sense (Fig. 2). 
The upper-left-hand ͞EasteƌŶ͟ ƋuadƌaŶt, is defined by elevated levels of haplogroups 
L0b, L3c, L3i, L3x, L4a, L5a, L5c and L6. It includes populations from Eastern Africa, primarily 
the Horn (in medium pink) and Sudan (in dark pink), and includes as well all of the Eastern 
Nilotic populations (in orange), with those of Ethiopia clustering with other Ethiopian 
populations (including Afroasiatic speakers) and those of Kenya and Uganda clustering more 
closely with Somalia and (to a lesser extent) Sudan. Sudan is somewhat distinct from the 
Horn populations, very likely because it experienced heavy immigration in the mid-Holocene 
from West-Central Africa, mimicking the later impact of the Bantu dispersals further south; 
when excluding the inferred immigrant L2a and L0a lineages it indeed clusters closely with 
Horn populations (Silva et al. 2015). The Eastern Nilotic-speaking Ugandans are quite distinct 
from the other Ugandan groups, but along with Eastern Nilotic speakers from Kenya they fall 
very close to other Eastern Africans. They are, however, shifted towards the East African 
Bantu cluster, which may be due to the heavy gene flow with Ugandan Bantu and Western 
Nilotic speakers (see below).  
The upper-right-hand ͞West-CeŶtƌal/Noƌth͟ ƋuadƌaŶt is defined by elevated levels 
of L1b, L2a-c, L2e, and L3f. It includes all populations classified as West-Central (in grey) or 
North African (in green), except for Egyptians (EGY) and the Mbuti (PMB), who are shifted to 
the east, a slight spill-over of the Nigerian point (NIG) into the lower-left-haŶd ͞BaŶtu͟ 
quadrant, and Western Nilotic speakers from Uganda (WNU, in yellow). The sub-Saharan 
component of most North Africans probably crossed the Sahara from West-Central Africa 
during the pluvial phase of the early to mid-Holocene, explaining their close links to West-
Central Africans now (see also the comment on Sudan, above). Egypt, unlike other North 
African regions, probably received its sub-Saharan component from Eastern rather than 
West-Central Africa. The Mbuti live in the Ituri rainforest in the northeast of the Democratic 
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Republic of Congo, very close to Uganda, and many speak Sudanic languages, so a more 
easterly position makes very good sense (and they are also highly drifted due to small 
population size).  
Thus the overall clustering makes strong historical sense, and implies a partly West-
Central African source for Western Nilotic speakers from Uganda, although caution is 
warranted here because of the small samples size (47). Since they are shifted towards the 
Eastern quadrant compared with other West-Central African populations, a substantial 
Eastern component, perhaps from Eastern Nilotic speakers, (or even suggesting a partial 
origin in Sudan) may also be suggested.  
The lower-right-hand ͞BaŶtu͟ quadrant is defined by elevated levels of L1c and L3e. 
It comprises almost entirely of Bantu-speaking populations from West-Central/Southwest 
(dark blue) and Southeast (indigo) Africa, which all cluster together fairly tightly, implying a 
largely common source. Those from West-Central/Southwest Africa (Cameroon, Gabon, 
Cabinda and Angola) are, except for Angola, closer to the West-Central/North quadrant, 
whilst those from Southeast Africa are shifted over slightly towards, towards the fourth 
quadrant, implying a minor contribution from East Africa. The only exceptions are the 
Kenyan Mijikenda (BKM), who have been previously noted as relatively unassimilated 
compared to other East African Bantu-speaking groups (Batai et al. 2013), and even these 
are shifted somewhat towards the eastern pole. 
The fourth, lower-left-hand quadrant, which we have described as the ͞ŵeltiŶg-pot͟ 
quadrant, is defined by elevated levels of L0a, L0f, L3a, L3h and L4b. It comprises a diverse 
set of almost entirely East African populations. We have discussed the Mbuti and Egyptians 
already, above. Now we see Kenyan and Tanzanian Afroasiatic Cushitic speakers (KAA and 
TZH, respectively, in pale pink) at the lower-left-hand extreme (notably at the opposite pole 
in PC2 from Afroasiatic speakers from Ethiopia, ETA/ETH), Tanzanian click-speaking Sandawe 
(TZS, in purple) and Southern Nilotic speakers (SNT, in red) towards the centre of the 
quadrant and most East African Bantu-speaking groups (in turquoise), including from 
Rwanda as well as Uganda, Tanzania and Kenya (Taita), in the upper-right-hand part of the 
quadrant. Clustering with these are the Kenyan urban (Nairobi) sample (KUR, in hatched 
pink), the Tanzanian click-speaking Hadza (TZH, in purple) and the Kenyan Western Nilotic-
speaking Luo (WNL, in yellow). The Hadza are particularly affected by drift, but their 
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association with the Bantu cluster may in part reflect the significant fraction (almost a 
quarter) of L2a in the Hadza (almost absent from the Sandawe), as well as L3b and L3e, some 
or all of which may be the result of gene flow with Bantu speakers, which is also suggested 
by genome-wide analyses (Tishkoff et al. 2009), but it may also to some extent reflect the 
substrate gene pool assimilated by the Bantu speakers in East Africa (e.g. L0f, L3a, L3h, L3i, 
L4, L5), which may similarly be implied by the autosomal evidence (Tishkoff et al. 2009).  
The plot therefore suggests that the East African Bantu-speaking populations, apart 
from the Kenyan Mijikenda discussed above, have a mosaic ancestry that includes 
components from both the indigenous populations and incoming Bantu speakers from West-
Central Africa. The Ugandan Bantu speakers appear to have a larger fraction of West-Central 
African ancestry than either the Kenyan Taita or the Tanzanian sample, suggesting increasing 
levels of assimilation en route (as in classical models of demic diffusion). Both the Nairobi 
sample and the Western Nilotic-speaking Luo from Kenya may have a predominantly Bantu-
speaking ancestry, and the Luo appear to have a distinct ancestry from the Western Nilotic 
speakers of Uganda. The position of the Tanzanian Southern Nilotic speakers implies a 
largely indigenous origin or very extensive gene flow with neighbouring populations, in line 
with the autosomal picture (Tishkoff et al. 2009). 
Summarising the results from the first two components, the Eastern and Western 
Nilotic and Bantu speakers from Uganda are very distinct, with the Eastern Nilotic speakers 
(ENU) clustering more closely with East African, Horn and Sudan populations, Western 
Nilotic speakers (WNU) with West-Central Africans, and Bantu speakers (BUG) with other 
Bantu speakers from East Africa. Nevertheless different relationships emerge with each 
major component, and more detailed analyses are needed in order to tease them apart. 
 
Admixture analysis 
We also carried out admixture analyses in order to estimate the contribution of six 
different African regions to the four linguistic groups from Uganda, assuming they could 
broadly be considered as potential source populations (Table 1). The analyses were based on 
haplotype sharing between the different regions, performed in three slightly different ways: 
considering perfect matches (P0), and one- or two-mutational step neighbouring haplotypes 
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(P1or P2), between the source and the case-study populations. As shown in Table 1, the 
three estimates yielded similar results. 
The results indicate that West-Central Africa is the main contributor to both the 
Bantu and Western Nilotic populations, closely followed by Eastern Africa. In contrast, the 
Eastern Nilotic speakers showed the opposite pattern, although still with a substantial West-
Central African component. North Africa also appears to have contributed to the Ugandan 
populations with a substantial proportion in all four groups (~10%), although it has to be 
considered that these analyses assume no gene flow in the reverse direction, which might 
better explain this particular pattern. Estimates for the Central Sudanic-speaking population 
are less reliable due to the small sample size. Nevertheless, the three admixture estimates 
consistently indicate a significant contribution from West-Central Africa, which would fit well 
with the present distribution of the Central Sudanic languages. As a whole, it is worth noting 
the contribution of a major Central African substrate to the ancestry of Ugandan 
populations. 
Phylogeography of Ugandan lineages  
Within Africa, a number of mtDNA lineages have been associated with various stages 
of the Bantu dispersals, including subsets of L0a (Pereira et al. 2001; Watson et al. 1997), L1c 
(Batini et al. 2007; Salas et al. 2002), L2a (Pereira et al. 2001; Salas et al. 2002), L3b (Salas et 
al. 2002; Soares et al. 2012; Watson et al. 1997) and L3e (Bandelt et al. 2001; Pereira et al. 
2001; Plaza et al. 2004; Salas et al. 2002; Soares et al. 2012). Many of these are inferred to 
have spread from West-Central Africa, although some, e.g. L0a, were considered likely 
assimilated in Central or East Africa. The distribution of haplogroups L0f, L3f, L5a, L5b, L6 and 
L4b2, as well as L0a, appears to be centred on Eastern African populations, with L3i1 seen 
mainly in Eastern Nilotic speakers (Castri et al. 2009; ČerŶý et al. ϮϬϬϳ; Coudray et al. 2009; 
Kivisild et al. 2004; Poloni et al. 2009; Salas et al. 2002). L0d and L0k are characteristic of 
Khoisan-speaking populations (Behar et al. 2008; ČerŶý et al. ϮϬϬϳ; Plaza et al. 2004; 
Quintana-Murci et al. 2010; Salas et al. 2002), and within the largely Central African 
haplogroup L1c, at least L1c1a was considered to have an origin amongst Western Pygmy 
ancestors (Batini et al. 2007; Quintana-Murci et al. 2010). 
The 409 mtDNAs sequenced during the present study were classified into 
haplogroups (Table S1). 98% belong to (LxMN) haplogroups. The haplogroup networks (Fig. 3 
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and supplemental Figs. S1-S11) have two main qualities: they both show a huge amount of 
gene flow between populations and regions of Africa, and yet at the same time they show 
strikingly different patterns of lineage distributions, indicating that they can be highly 
informative on the history of the continent. A fuller overview of the haplogroups is available 
as supplemental material (see supplemental file S2). 
In Uganda, individuals belonging to haplogroups L0a and L0f (Figs. S1 and S2) are 
mainly Bantu or (much more commonly) Eastern Nilotic speakers, with none in Western 
Nilotic speakers, despite their being common in the Kenyan Western Nilotic Luo (Castri et al. 
2008). The distribution of Ugandan L0a lineages in the network suggests that many of the 
Eastern Nilotic L0a lineages most likely arose directly within pre-Bantu East Africa, whereas 
the Bantu lineages originated mostly as a part of the Bantu dispersals from West-Central 
Africa but with a substantial minority assimilated within East Africa – seen most clearly in 
L0f, but also in L0a1d. This points to a distinct origin for the Western Nilotic speakers, who 
lack this major signal of East African maternal lineages. A diverse set of L0a lineages is, 
however, also present at extremely high frequency (>50%) in the small sample of Tanzanian 
Southern Nilotic speakers, the majority of which match Eastern Nilotic speakers from East 
Africa, suggesting a common East African genetic stratum for both of these two language 
groups. 
Haplogroup L1c was concentrated especially in Nilotic speakers in Uganda, 
particularly the Western group (see supplemental Fig. S3). The distribution suggests that the 
L1c lineages were brought to the Great Lakes from West-Central Africa and then assimilated 
into Nilotic speakers. 
The largest haplogroup L2a subclade found in Uganda is L2a1 (supplemental Fig. S4). 
The few Eastern Nilotic lineages within L2a1 are not obviously of Bantu origin, and may have 
been in Eastern Africa prior to the Bantu arrivals. We note that although L2a dispersed from 
West-Central Africa with the Bantu, it is also thought to have dispersed earlier from the 
same region, in the early to mid-HoloĐeŶe, ǀia the ͞GreeŶ “ahara͟ iŶto “udaŶ aŶd, to a 
lesser extent, the Horn of Africa (Kuper and Kröpelin 2006; Silva et al. 2015) (see also the 
PCA results, above).  
Most of the Ugandan L2a ǀariatioŶ is ĐoŶĐeŶtrated ǁithiŶ a siŶgle suďĐlade, LϮaϮ͛ϯ͛ϰ, 
which dates to ~30 ka (Silva et al. 2015) and is much more prevalent in Central and East 
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Africa than other L2 subclades. Intriguingly, many of the Ugandan Eastern and Western 
Nilotic L2a liŶeages ǁithiŶ the suďĐlade LϮaϮ͛ϯ either ŵatĐh or are ĐloselǇ related to 
Sudanese – and indeed many of the Ugandan Bantu lineages, too. Whether this might be an 
indication of a Sudanese source for a fraction of Ugandan diversity merits further 
investigation, but a source somewhere in Eastern Africa seems likely. L2a4, dating to ~24 ka 
(Silva et al. 2015) appears likely indigenous to East Africa itself, and L2a5, which dates to ~46 
ka, is also Eastern African and includes several Ugandan Bantu and Nilotic speaking 
individuals, including one lineage that has also reached Southern Nilotic speakers of 
Tanzania. Corroborating this interpretation, most of the few sampled Central Sudanic 
speakers from Uganda, whose languages are assumed to predate the appearance of Nilotic 
and Bantu languages in the region, also fall within these L2a subclades, again suggesting an 
earlier expansion. 
As with L2a, the predominantly West-Central African haplogroups L2b, L2c, L2d and 
L2e (Fig. S5) are substantially more frequent in the Western than the Eastern Nilotic groups 
of Uganda, with the Bantu roughly in between for L2a, but with a frequency of other L2 
lineages similar to the Eastern Nilotic speakers. Probably all dispersed from West-Central 
Africa during the Holocene, but whilst some suggest Bantu dispersals (e.g. in L2d), many of 
them appear to have dispersed independently (e.g. in L2e).  
The preponderance of haplogroup L3b in Ugandan Bantu speakers and their 
distribution amongst the three Ugandan groups (Fig. S6) suggests an introduction to the 
Nilotic speakers from the incoming Bantu arrivals from West-Central Africa, with at least 
three founder haplotypes in Nilotic speakers. For the much rarer haplogroup L3d (Fig. S7) 
found mainly in Ugandan Bantu and Western Nilotic speakers, some lineages in Uganda are 
likelǇ due to BaŶtu dispersals ;e.g. iŶ Lϯdϯa aŶd Lϯdϭaϭ͛ϮͿ, ďut soŵe lineages found in Nilotic 
speakers fall within apparently non-Bantu West-Central African clusters, which may, as with 
L2e, be due to distinct, non-Bantu-mediated dispersals from West-Central Africa.  
Haplogroup L3e (Fig. S8) is twice as frequent in the Bantu that in the Nilotic speakers 
from Uganda, and again can be interpreted as mainly due to the Bantu expansion from 
West-Central Africa, and gene flow into Nilotic speakers, with some signs of very recent gene 
flow from the Eastern to Western Nilotic-speaking Ugandans.  
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Haplogroup L3f (Fig. S9) is rare in the Ugandan samples and almost entirely restricted 
to Eastern Nilotic speakers. Curiously, the Ugandan lineages do not fall into the Eastern 
African subclades but instead into L3f1b and L3f3, with a hint of a possible link to Sudan via 
the Sahara that would merit further investigation  (ČerŶý et al. ϮϬϬϵ). 
There is also a collection of rare Eastern African lineages in the Ugandan samples 
within haplogroup L3, mostly restricted to Eastern Africa, which are poorly defined within 
HVS-I and not straightforward to portray accurately in a phylogenetic network (Fig. 3). Even 
so, with the aid of the whole-mtDNA phylogeny and the available control-region 
information, we can readily draw some general conclusions from their distinctive 
distributions.  
They include hapologroup L3a, haplogroup L3x and several more unclassified L3* 
lineages, most of which have an ancestry in East Africa (Fig. 3). Several subclades include 
diverse lineages within Eastern Nilotic-speaking Ugandans, with sporadic gene flow into 
Ugandan Western Nilotic or Bantu-speaking groups. Of particular interest, however, are 
haplogroups L3h and L3i (Fig. 3), both of which highly informative, albeit pointing in different 
directions. Although rare, haplogroup L3h is present across Eastern Africa (Kivisild et al. 
2004; Poloni et al. 2009; Soares et al. 2012; Tishkoff et al. 2007). It dates to ~55.1 ka (Soares 
et al. 2014) with the two basal subclades L3h1 and L3h2 dating to ~47 ka (Behar et al. 2012) 
and L3h2 to ~31 ka (from our HVS-I network). Intriguingly, all of the major identifiable 
subclades of L3h are found at high diversity in Sudan, as well as across the rest of Eastern 
Africa.  
L3h2 is more frequent in the Horn of Africa, but also includes a number of Kenyan 
Eastern Nilotic and Western Nilotic speakers. There is low diversity in both the Horn and 
Nilotic lineages, suggesting a possible recent movement from Sudan into the Horn and East 
Africa (albeit with few data). All of the Ugandan L3h lineages fall into L3h1a1 and, in contrast 
with the Kenyans, display very high diversity. Nevertheless, the diversity is again also high in 
Sudan – and there are several direct matches – suggesting that a possible source there 
would be worth pursuing. One L3h1 haplotype that matches a Ugandan Eastern Nilotic 
lineage is seen in the Western Nilotic speakers and another is seen in a Ugandan Bantu 
speaker, likely due to assimilation within East Africa from Eastern Nilotic speakers, who are 
an important reservoir for L3h1a diversity. L3h1b is atypical within L3h, as it includes a 
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number of West-Central African lineages, including an entire subclade, L3h1b2, dating to ~13 
ka (Behar et al. 2012), and three major East African Bantu haplotypes that most likely derive 
from them; one Ugandan Bantu lineage appears to derive from this source, quite distinct 
from the Nilotic lineages, whereas others suggest assimilation within East Africa. However, 
L3h1b is also intriguing for including a high frequency of lineages belonging to Tanzanian 
Southern Nilotic speakers, and several diverged lineages from Sudan. This is the only clear 
indication we have in the mtDNA that some shallow lineages in Southern Nilotic as well as 
Eastern Nilotic speakers may have spread from Sudan in the relatively recent past. 
Haplogroup L3i1 lineages (Fig. 3; L3i* lineages cannot be identified from HVS-I 
screening) have been previously described in Ethiopia (~3%), two-thirds of them in Eastern 
Nilotic and the remainder in Afroasiatic speakers (Kivisild et al. 2004; Poloni et al. 2009). 
Most of the L3i1 lineages identified here belong to a distinctive branch of L3i, not labelled in 
PhyloTree, which we here refer to as L3i1c. This subclade is virtually restricted to Ugandan 
Eastern Nilotic speakers (where it occurs at a rate of ~7%), despite harbouring substantial 
diversity. It is entirely absent from the Ugandan Bantu samples, although it occurs in several 
Taita from kenya, but not in other Kenyan Bantu speakers (Batai et al. 2013). The remainder 
of L3i1, mostly single individuals, is seen Kenya (a Bantu Kikuyu), and non-Bantu speakers in 
Ethiopia, Sudan, Egypt and also far to the West in Mauritania. There is also a single Eastern 
Nilotic speaker within the Eastern African L3i2 sister subclade, which is distributed mainly 
across Kenya (including a very few Kikuyu Bantu speakers – again, the only ones found 
carrying the subclade) and the Horn, with a few in North Africa and one in Sudan.  
Given the paucity of data for this lineage, we sequenced the whole-mtDNA genome 
of one L3i1a and 14 L3i1c samples from Uganda, in order to reconstruct a phylogenetic tree 
of L3i as a whole (Fig. 4). This allowed us to date L3i1c using ML to ~14.2 ka, L3i1 as a whole 
to ~27 ka, L3i2 to ~14.4 ka, and L3i overall to ~43 ka, the latter in close agreement with 
Behar et al. (2012) (Table S4). This indicates that the Ugandan subclade L3i1c dates to the 
Late Glacial period. 
Within haplogroup L4, L4b2 was the only subclade found in our sample (~10%) (Fig. 
S10) reaching the highest frequency and by far the highest diversity amongst Eastern Nilotic 
speakers. Haplotype sharing and diversity patterns point to an East African source for 
mtDNAs found in Eastern Nilotic speakers, assimilated by the Ugandan Bantu within East 
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Africa. The rare lineages found in Western Nilotic speakers can all be attributed to recent 
gene flow with the Eastern Nilotic speakers. Similar to other haplogroups carried at high 
frequencies by the Tanzanian Southern Nilotic-speaking sample, there is a strong degree of 
haplotype sharing with Eastern Nilotic speakers from East Africa, including Uganda. Overall a 
source in East Africa or the Horn for the Eastern Nilotic lineages is indicated; the very minor 
links to Sudan are more likely the result of gene flow in the reverse direction.  
In Uganda, haplogroup L5 encompassed both L5a and L5b lineages (Fig. S11). Within 
Uganda, L5b is present exclusively in the Nilotic speakers, and L5a again seen mainly in 
Eastern Nilotic speakers, with a single haplotype in Bantu speakers shared with non-Bantu 
Eastern Africans. This pattern again suggests a source for Eastern Nilotic speakers within 
Eastern Africa, and minor gene flow towards Bantu speaking groups and also towards West-
Central Africa. Although possibly an effect of small sample size, Eastern Nilotic speakers in 
Uganda and, especially, Horn populations, appear more diverse than other East African L5 
lineages – a possible hint that a small fraction of the maternal ancestry of Eastern Nilotic 
speakers might trace to the East or North, in approximately the direction from which the 
languages are thought to have arisen. Furthermore, there are close connections between 
Eastern Nilotic speakers and Sudanese lineages in both L5a and L5b which would again merit 
further study. 
 
Phylogeography of ͞Eurasian͟ lineages in Uganda 
There are a number of Eurasian mtDNA lineages (M1a, N1a1, HV1b1, R0a1a, J1d1 and 
T1a) at low frequencies in Ugandans (both Eastern Nilotic and Bantu speakers) of West Asian 
and possibly even European provenance (Fig. 1; supplemental Table S1). This is reflected in a 
substantial Eurasian autosomal component in Eastern Africa, which is also evident to some 
extent in Kenya (Pagani et al. 2012). Due to deep ancestry and the distribution of these 
lineages (Abu-Amero et al. 2008; Brakez et al. 2001; ČerŶý et al. ϮϬϬϴ; Coudray et al. 2009; 
Fernandes et al. 2012; Kivisild et al. 2004; Olivieri et al. 2006; Rhouda et al. 2009; Richards et 
al. 2000; Richards et al. 2003), none of the West Eurasian mtDNAs found in Uganda has a 
likely European source, for example resulting from the heavy European colonial involvement 
since the 1870s (Maxon 2009). One possibility is a Bronze-Age dispersal from the Near East 
accompanying the spread of Semitic languages (Kitchen et al. 2009), consistent with an 
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inferred Levantine (rather than Arabian) source (Pagani et al. 2012). However, the T1a 
lineage is a possible candidate; and it is also possible that the Arabian lineages in Uganda, 
such as HV1b1, might only have arrived very recently in the Great Lakes region.  
We therefore used 46 autosomal AIMs to explore further the ancestry of the 
individuals carrying HV1b1 and T1a, in order to test whether or not their presence could be 
due to modern admixture. STRUCTURE and PCA showed that all Ugandan samples tested 
have a clear sub-Saharan African ancestry, with a close relationship with the HGDP–CEPH 
sub-Saharan individuals used as training set (see supplemental file S3 for detailed 
information on the results obtained by different analyses). These results show that the 
HV1b1 and T1a mtDNA sequences found in Uganda are not the result of recent maternal 
European influx within the last two generations. This is in accordance with the results from a 
previous study of paternal composition of the same Eastern Nilotic population showing the 
presence of a single non-African chromosome carrying the M70 mutation (Gomes et al. 
2010), which was also found in other Eastern African populations. The West Eurasian 
lineages in Uganda were therefore most likely the result of more ancient movements of 
people to Eastern Africa from North Africa and/or Arabia, where HV1b1 is generally found 
(Richards et al. 2003).  
 
Discussion and Conclusions 
This study shows that not only does the Great Lakes region of Uganda harbour 
enormous genetic diversity but that, despite significant levels of recent gene flow, the 
various linguistic groups are also strongly differentiated from each other. The results point to 
a mosaic of diversified groups that have experienced an extremely complex history in which 
dispersal, gene flow and acculturation went hand in hand.  
The two Nilotic-speaking groups are highly differentiated and show few signatures of 
common ancestry within the last few millennia, although there is clear evidence for gene 
flow between them. This appears mainly to be from the Eastern to the Western group, 
although some caution is needed due to the smaller sample size of Western Nilotic speakers 
and the reduced likelihood of sampling rarer lineages. Both groups retain very high levels of 
genetic diversity, which may be accounted for by assimilation of lineages from both local 
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populations and Bantu-speaking groups. Nevertheless, the high diversity values observed 
may be also the result of geographic and/or ethnic structure inside of which linguistic group.  
Could any of these lineages be markers for dispersals associated with the spread of 
Eastern Nilotic speakers? Nilotic-speaking populations are thought to have emerged in 
Southern Sudan by the beginning of the first millennium BC (Ehret 1998), with Eastern 
Nilotic speakers arriving in Northeast Uganda via Kenya within the last few hundred years 
(Maxon 2009; Newman 1995). The potential links to Sudan in L3h1a, L5a and, more 
teŶtatiǀelǇ, iŶ LϮaϮ͛ϯ, suggest that a “udaŶese sourĐe for a sŵall ŵiŶority of the lineages in 
Ugandan Eastern Nilotic speakers remains a strong possibility. Further detailed study of 
these lineages at the whole-mtDNA level may prove extremely illuminating in teasing out 
details of these dispersals that are currently inaccessible to non-genealogical whole-genome 
studies.  
On the other hand, both the HVS-I network and the whole-genome tree for L3i clearly 
show that, although an origin in the Horn is certainly quite possible, the Ugandan subclade, 
L3i1c, itself dates to the Late Glacial period. In this case, there is no signal of a genetic trail 
from further north. 
In principle, there are at least two possible explanations for this pattern. Firstly, the 
entire cluster may have been brought from the Horn of Africa recently, but if this were the 
case then no genetic trail has survived: no lineages in Kenya, Ethiopia, Somalia or Sudan that 
cannot be accounted for by very recent gene flow. It seems unlikely that a population should 
move en masse without leaving any trace in the lands from whence it came. But even if the 
entire community was indeed involved in such a mass migration, the timescale for the 
Ugandan L3i1c subclade is ~14 ka: previous generations would certainly have experienced 
gene flow with neighbouring populations, leaving related lineages to evolve across the 
region. Thus this explanation does not seem plausible. 
A second possibility, then, is that Eastern Nilotic language speakers, or at least a 
population that became Eastern Nilotic speaker, have an at least partial ancient, Late Glacial 
ancestry within Uganda itself. If this were the case, they must have been present before the 
arrivals of Bantu and Western Nilotic speakers, since neither of the other two language 
groups carry this haplogroup to a significant extent. This seems a much more 
straightforward phylogeographic interpretation.  
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The network (Fig. 3) shows that the Ethiopian and Kenyan samples carry HVS-I 
haplotypes shared with the Ugandans. Ugandan samples are much more diverse, suggesting 
assimilation of ancient indigenous lineages by the Eastern Nilotic speakers in Uganda and a 
more recent dispersal in the opposite direction, north-eastwards from Uganda into Kenya 
aŶd as far as Ethiopia. Lϯiϭ͛s sister Đlade LϯiϮ also appears to haǀe a Late Glacial source in 
Eastern Africa, possibly the Horn, judging from the HVS-I network, dating to ~17.2 ka with 
whole-mtDNAs (mainly from the Horn; 13.7 ± 4.9 ka with the larger and geographically much 
more diverse number of HVS-I sequences). 
Thus, L3i1c points to recent long-distance gene flow between Eastern Nilotic-
speaking populations in the opposite direction to that of the historically attested dispersals 
into Uganda from Kenya. In addition, within Uganda, one L3i1c haplotype seems to have 
been recently introduced into Western Nilotic speakers, which otherwise lack L3i. The few 
samples in East African Bantu speakers similarly suggest assimilation from indigenous East 
Africans. The absence of L3i1 in Southeast African Bantu groups (e.g., Salas et al. 2002) 
indicates that these lineages were not assimilated during the Bantu expansion, but more 
recently.  
.The Bantu speakers in Uganda display a high mtDNA diversity that cannot be 
ascribed simply to either an ancient West-Central or East African ancestry, but has been 
enriched by distinct ancestral genetic substrates from across the continent, which in turn 
bequeathed a substantial part of this ancestry to the indigenous populations of the Great 
Lakes region.  
More broadly, this study emphasises that, even in the genomic age, the analysis of 
the distribution of mtDNA control-region sequences, provided that it is underpinned by a 
detailed understanding of the whole-mtDNA phylogeny, remains a valuable first step 
towards reconstructing the demographic history of a genetically uncharacterised population. 
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Table 1. Shared haplotypes (SH) and admixture proportions between the four populations from Uganda and the six main African regions. 
Analysis was performed considering perfect matches between the source populations and the case-study population (P0) or one- or two-
mutational step differences between their haplotypes (P1 and P2, respectively)  
 
 North Africa West-Central Africa Eastern Africa South Africa Southeast Africa Southwest Africa 
B
an
tu
 
SH 21 32 29 2 17 10 
P0  0.1096 (0.0373) 0.4369 (0.0593) 0.3474 (0.0569) 0.0085 (0.0110) 0.0870 (0.0337) 0.0106 (0.0122) 
P1 0.1354 (0.0349) 0.4585 (0.0509) 0.3282 (0.0479) 0.0046 (0.0069) 0.0561 (0.0235) 0.0171 (0.0132) 
P2 0.1667 (0.0362) 0.4836 (0.0485) 0.2722 (0.0432) 0.0027 (0.0051) 0.0571 (0.0225) 0.0176 (0.0128) 
Ea
st
er
n
 
N
ilo
ti
c 
SH 18 21 46 1 13 12 
P0  0.0965 (0.0274) 0.2052 (0.0375) 0.6165 (0.0451) 0.0006 (0.0022) 0.0615 (0.0223) 0.0197 (0.0129) 
P1 0.1082 (0.0226) 0.3161 (0.0338) 0.4764 (0.0363) 0.0019 (0.0032) 0.0701 (0.0186) 0.0273 (0.0118) 
P2 0.1427 (0.0239) 0.3724 (0.0330) 0.3893 (0.0333) 0.0013 (0.0025) 0.0708 (0.0175) 0.0234 (0.0103) 
W
es
te
rn
 
N
ilo
ti
c 
SH 11 16 17 3 8 9 
P0  0.0882 (0.0536) 0.4704 (0.0943) 0.3502 (0.0902) 0.0054 (0.0138) 0.0457 (0.0395) 0.0402 (0.0371) 
P1 0.1009 (0.0470) 0.5647 (0.0774) 0.2740 (0.0697) 0.0041 (0.0100) 0.0327 (0.0278) 0.0236 (0.0237) 
P2 0.1088 (0.0469) 0.5841 (0.0743) 0.2567 (0.0659) 0.0037 (0.0092) 0.0293 (0.0254) 0.0174 (0.0197) 
C
en
tr
al
 
Su
d
an
ic
 
SH 1 1 1 0 1 0 
P0  0.2956 (0.4563) 0.6855 (0.4643) 0.0126 (0.1114) 0.0000 (0.0000) 0.0063 (0.0791) 0.0000 (0.0000) 
P1 0.1758 (0.1439) 0.5988 (0.1853) 0.1502 (0.1351) 0.0004 (0.0077) 0.0735 (0.0986) 0.0012 (0.0133) 
P2 0.1052 (0.1023) 0.5511 (0.1658) 0.2936 (0.1518) 0.0003 (0.0053) 0.0330 (0.0596) 0.0169 (0.1658) 
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Fig. 1 The mtDNA haplogroup distribution amongst 409 samples from Uganda 
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Fig. 2 PCA depicting the first two principal components of relationships between Ugandan 
linguistic groups and other populations of Africa, with Bantu distinguished from non-Bantu 
speakers  
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Fig. 3 Phylogenetic network of HVS-I variation in paragroup Lϯa͛h͛i͛ǆ. Links are labelled with 
the nucleotide position for each transition variant, less 16,000, with transversions indicated 
by the base change and reversions towards R root with suffix @. Major identifiable 
subclades are indicated, but note the weak phylogenetic resolution of HVS-I close to the root 
of L3 where different haplogroups cannot be distinguished  
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Fig. 4 Maximum-parsimony phylogenetic tree of whole-mtDNA genome variation in 
haplogroup L3i, with branches labelled with the nucleotide position for each transition 
variant, with transversions indicated by the base change, @ indicating a reversion, + 
indicating insertion of the following nucleotide. ML ages of the nodes in ka are indicated (see 
Table S4 for ρ estiŵates aŶd ϵϱ% CIsͿ. Dotted lines indicate lineages for which the control 
region was not tested. Tree rooted with the rCRS 
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Supplementary material 
 
Supplemental files S1-S3, Tables S1–S4 and supplemental Figures S1–S11 are available 
online. 
 
 
